This invention relates to the electrolytic deposition of certain transition metals in fused salt baths. More par ticularly, it relates to a method for purifying the fused salt baths in which these transition metals are electro deposited.
The usefulness of the so-called transition metals tita nium, zirconium, hafnium, vanadium, thorium, tantalum and niobium is, for most purposes, greatly impaired if these metals contain even small amounts of Such im purities as oxygen, nitrogen and other metals that tend to embrittle or otherwise adversely affect the quality of the metals produced. The transition metals are com monly prepared by the electrolytic decomposition of a transition metal compound in a fused Salt diluent bath with the resulting deposition of the metal on a cathode immersed in the bath. It has been found, however, that the fused salt bath must be substantially completely free of impurities which would react with or become incor porated in the transition metal deposited in the cathode in the course of the electrolysis. It is particularly impor tant that the salt bath be free of moisture and of con taminant elements whose oxides or salts are more electro positive than those of the transition metal deposited at the cathode. The presence of Water or of the aforesaid oxides and salts in the fused salt bath will result in the incorporation of oxygen or other contaminant elements in the transition metal cathode deposit thus impairing the quality and usefulness of the ultimate metal prod uct.
The best commercial grades of transition metal and diluent salt constituents of the fused salt baths employed in the electrolytic production of the aforesaid transition metals contain small but significant amounts of moisture and other deleterious impurities. In particular, the dou ble fluorides of the transition metals, which are a com mon constituent of these fused salt baths, are prone to contain metallic impurities that would contaminate the cathode deposit unless removed from the double fluoride electrolytic cell feed material. Therefore, to avoid the inclusion of oxygen and other impurities in the cathode deposit, it has heretofore been the practice to subject com mercial grade cell feed material to extensive and costly purification prior to the electrolysis of the fused salt bath. The purification procedure commonly employed involves wet chemical treatment of the cell feed material to re move therefrom substantially all of the elements that would otherwise contaminate the cathode deposit, fol lowed by careful drying of the purified bath constituents, advantageously by means of a vacuum drying treatment.
To insure that the fused salt bath is completely anhy 'drous before the electrolytic deposition of the transition metal is initiated, a preliminary electrolysis of the bath is commonly carried out. The preliminary electrolysis is conducted at voltages and current densities below those at which any appreciable amount of the transition metal constituents of the bath will deposit at the cathode, and is continued until all of the moisture in the bath has been relatively mild pre-electrolysis does not remove from the bath any of the contaminant elements whose oxides or salts are more electropositive than those of the transition metal constituent of the bath, necessitating, therefore, the use as cell feed materials of transition metal com pounds and diluents salts of substantially absolute chemi cal purity. In accordance with accepted usage in this art, the term "more electropositive' hereinafter employed is intended to mean that the voltage required for electro depositing the impurity ions is higher than or greater than the voltage at which the transition metal is electrode posited.
I have now found it possible to use as cell feed mate rial transition metal compounds and diluent salts of com mercial grade by purifying these materials in situ in an electrolytic cell. The purification of the cell feed mate rial is accomplished by means of a novel electrolytic pro cedure by which water and contaminant elements whose salts and oxides are more electropositive than those of the transition metal are removed from the fused cell feed material as a preliminary to the subsequent electrodep osition of substantially pure transition metal at the cell cathode. Accordingly, my novel preliminary electrolytic procedure for the purification of cell feed material con stitutes an important improvement in known processes for the electrolytic preparation of the transition metals titanium, zirconium, hafnium, thorium, vanadium, nio billinn and tantalun. The preliminary purification elec trolysis of my invention is carried out at a voltage and current density in excess of that required to effect dep osition of some of the transition metal at the cathode, and sufficient to effect decomposition of the water and the salts and cxides of the aforesaid contaminant elements aid deposition of these contaminant elements at the cell cathede. This so-called rapid pre-electrolysis is continued for a period of time sufficient to insure that substantially all of the water and the contaminant elements are re moved from the fused salt bath, together with a small amount of the transition metal component of the bath.
When the purification electrolysis is a preliminary step to the subsequent electrolytic deposition of substantially pure transition metal at the cell cathode, I have found that the voltage employed for the pre-electrolysis should be about equal to that employed for the subsequent elec trolysis, and that the current density should be at least about one half that employed for the subsequent elec trolysis. Moreover, the passage of about 2 to 5% of the total ampere hours required for substantially com plete reduction of the transition metal contents of the fused salt bath will be sufficient to purify fused salt baths composed of celi feed materials of cominercial grade or better. Fused salt baths purified by my rapid pre-elec trolysis procedure can then be electrolyzed in the same electrolytic cell to produce a cathodic transition metal de posit of high purity. Alternatively, the purified bath can be removed from the cell in which the preliminary elec frolysis is carried out for subsequent introduction into one or more other electrolytic cells adapted to carry out the electrolysis by which the desired pure transition metal product is produced.
The fused salt baths to which the process of my in vention is particularly applicable are those containing double fluorides of the transition metal as the primary Source of the transition metal electrodeposited at the cathode, such as those of the tye described in the co pending application of Topinka, McKenna and Carlton, A typical fused salt bath that can be purified by my novel procedure comprises an alkali metal double fluoride of the transition metal, such as potassium fluotitanate, in admixture with one or more diluent alkali metal or alkaline earth metal halides, such as sodium chloride. The alkali metal double fluorides can be ob tained commercially in a reasonably pure condition. However, even the best commercial grades of these salts ordinarily contain appreciable amounts of contaminating metallic oxides and salts, such as the oxides or halides of iron, chromium, aluminum and the like, which must be removed if a pure transition metal deposit is to be produced therefrom. The alkali metal and alkaline earth metal halides can be obtained commercially in Substantially pure condition. However, for economic reasons the grades of these salts usually employed con tain minor amounts of contaminants that would ad versely affect the quality of the transition metal product. These contaminants can be removed by extensive wet chemical purification techniques, as described in certain of the aforementioned copending patent applications, to obtain a feed material of a purity satisfactory for fused salt baths used in electrolytic processes for the prepara tion of pure transition metal deposits. However, by employing the purifying pre-electrolysis procedure of my invention, it is possible to introduce commercial grade salts directly into the fused salt bath without such prior wet chemical treatment designed to remove impurities which can now be removed from the fused salt bath itself pursuant to my process.
-
In the practice of my invention, the mixture of salts comprising the salt bath is introduced into an electrolytic cell in which an inert atmosphere can be established. On establishing an inert atmosphere in the furnace, the mixture of salts in the cell is fused by heating the furnace to above the melting point of these salts. The operating temperature of the cell depends upon the composition of the fused salt bath and upon the require The electrolysis is carried out at a voltage and current density above that at which the product transition metal will electrodeposit on the cathode. Thus, the preelec trolysis voltage should be about the same magnitude as that at which the subsequent metal deposition elec trolysis is carried out, while the current density should be at least about one half that employed for the sub Sequent electrolysis. For example, when, as in a typical case, the electrolytic production of a transition metal cathode deposit from a fused salt bath requires a voltage in the range of about 5 to 6 volts and a current density in the range of about 450 to 500 amps./dm.2, the pre electrolysis should be carried at a voltage of about 5 to 6 volts, with a current density of about 200 to 225 amps./dm.2. The passage of about 2 to 5% of the total anticipated ampere hours required for the substantially complete reduction of the initial transition metal con tent of the fused salt bath is ordinarily sufficient to rid the bath of moisture and all contaminant elements whose oxides and salts are more electropositive than the transition metal constituent of the bath.
The rapid preliminary electrolysis of my invention re Sults in the electrodeposition on the cathode of a small amount of the product transition metal. The transition metal deposited on the cathode during the pre-electrolysis is, of course, contaminated with the metallic elements being removed from the bath therewith and is of little value as a transition metal product per se. However, the loss of this amount of transition metal on the pre electrolysis cathode is not sufficient to seriously adversely affect the economies of the overall procedure. Moreover, if desired this preliminary cathode deposit can be re covered and the transition metal component thereof converted into a form suitable for reintroduction into the electrolytic cell.
After the rapid pre-electrolysis has been carried out, the graphite electrode is removed from the bath together with any of the metallic bath impurities and product transition metal that have deposited on the cathode. The purified fused salt bath is then subjected to elec trolysis, either in the pre-electrolysis cell or in one or more other electrolytic cells, to recover therefrom the major portion of the transition metal constituent of the salt bath. The product metal recovered from a salt bath purified pursuant to my invention is itself substantially pure and, therefore, is relatively soft and ductile.
The following examples, which compare the transi tion metal product obtained pursuant to my invention with that obtained when my procedure is not followed, are illustrative but not limitative of the method of my invention:
Example I A mixture of 340 parts by weight of potassium fluo titanate and 1800 parts by weight of sodium chloride were charged to a graphite crucible disposed within an electric furnace. The furnace was equipped with means for establishing an inert atmosphere therein, and with gas-locks for introducing electrodes into the graphite crucible. The potassium fluotitanate and sodium chlo ride were of commercial grade and contained small but significant amounts of moisture and metallic contami nants more electropositive than titanium. An inert atmos phere of dry argon gas was established within the fur nace and the furnace heated to a temperature of about 800° C. to melt the salts contained in the crucible. After fusion of the salt charge, the temperature of the fur nace was maintained at about 800° C. and a 34 inch graphite rod cathode was inserted into the fused salt bath. Employing the graphite crucible as the anode, a direct current was passed through the molten bath to rid the bath of water and metallic contaminants. Dur 2,782,156 . ing the rapid pre-electrolysis, over-all cell voltage was maintained within the range of about 4 to 4.5 volts and the current was about 100 amperes. After one-half hour, the electrolysis was stopped and the graphite cath ode removed from the bath. The cathode was coated with a thin layer of fine particles of electrodeposited metal. A 1 inch steel rod cathode was then inserted into the bath and electrolysis carried out at substantially the same voltage as previously used and at a current of about 200 amperes. After about 5 hours the bath had become extensively depleted in titanium content, the titanium being electrodeposited on the cathode in the form of adherent crystals of titanium. The titanium metal de posited on the steel cathode, after consolidation by melt ing under an insert atmosphere, had a Rockwell B hard ness of 69 and a Brinell hardness number of about 140.
Example II A bath identical in its constituents, proportions and grade as that employed in. Example I was prepared and was melted in an inert atmosphere furnace as in Exam ple I. A steel cathode was inserted into the molten bath and a preliminary electrolysis at a voltage of about 1.5 to 2 volts was performed to dehydrate the bath. There was no preliminary electrolysis performed to rid the bath of contaminating metal constituents pursuant to my inven tion. The metal deposition electrolysis was then per Example III A mixture of 600 grams of commercial grade potas sium fluozirconate and 1800 grams of commercial grade sodium chloride was introduced into a graphite crucible disposed within the electric furnace employed in Exam ple I. The Salt charge was melted under an inert atmos phere and the temperature of the molten bath maintained at 750° C. A /2 inch graphite rod was introduced into the molten bath and electrolysis initiated by passing a direct current from the graphite crucible to the graphite rod. The over-all cell voltage was within the range of 5 to 6 volts and the current density was about 200 amps. /dm... After 45 ampere hours of direct current had been passed through the bath, the graphite rod was re moved therefrom and a steel rod was inserted in its place. Electrolysis of the bath was continued at a volt age within the range of 5 to 6 volts, with a current density of about 450 amps. /dm.2. The metallic deposit adhering to the graphite rod was found to have a Rockwell. A hardness of 62 while the cast zirconium ingot prepared from the zirconium metal electrodeposited on the steel rod had a Rockwell B hardness of 76.
Example IV A bath identical in composition, proportion and grade to that employed in Example III was prepared and the bath melted under an inert atmosphere in the furnace of Example I. No preliminary electrolysis was carried out to rid the bath of metallic contaminants. A steel cathode was inserted into the bath and electrolysis was carried out at a voltage and current density of about 5 to 6 volts and 450 amps,/dm., respectively. On com pletion of the electrolysis, the steel rod was removed with its adhering deposit of zirconium metal. The zirconium metal was consolidated under an inert atmosphere and found to have a Rockweil A hardness of 56.
claim:
1. in the electrolytic deposition of a transition metal of the group consisting of titanium, zirconium, hafnium, thorium, vanadium, niobium and tantalum in a fused salt bath, the improvement which comprises removing water and contaminant elements whose salts and oxides are more, electropositive than those of said transition metal from the fused salt bath by subjecting said bath to a preliminary electrolysis at a cell voltage in excess of that required to effect deposition of the transition metal at the cathode and sufficient to effect decomposition of said water and said salts and oxides of said contaminant ele ments and deposition of said contaminant elements at the cathode, and continuing said preliminary electrolysis for a period of time sufficient to insure substantially com plete removal of all of said water and said contaminant elements from said bath thereby removing said contami nant elements from the bath and subsequently electrolyz ing the purified bath to obtain the transition metal in substantially pure form as an electrodeposit.
2. In the electrolytic deposition of a transition metal of the group consisting of titanium, zirconium, hafnium, thorium, vanadium, niobium and tantalum in a fused salt bath containing a transition metal compound and at least one diluent salt of the group consisting of alkali metal and alkaline earth metal halides, the improvement which comprises removing water and contaminant ele ments whose salts and oxides are more electropositive than those of said transition metal from the fused salt bath by subjecting said bath to a preliminary electrolysis at a cell voltage in excess of that required to effect dep osition of the transition metal at the cathode and suffi cient to effect decomposition of said water and said salts and oxides of said contaminant elements and to effect deposition of said contaminant elements at the cathode, and continuing said preliminary electrolysis for a period of time sufficient to insure substantally complete removal of all of said water and said contaminant elements from said bath thereby removing said contaminant elements from the bath and subsequently electrolyzing the purified bath to obtain the transition metal in substantially pure form as an electrodeposit.
3. In the electrolytic deposition of a transition metal of the group consisting of titanium, zirconium, hafnium, thorium, vanadium, niobium and tantalum in a fused salt bath comprising a halide of the transition metal and at least one diluent metal salt of the group consisting of alkali metal and alkaline earth metal halides, the im provement which comprises removing water and con taminant elements whose salts and oxides are more elec tropositive than those of said transition metal from the fused salt bath by subjecting said bath to a preliminary electrolysis at a cell voltage in excess of that required to effect deposition of said contaminant elements at the cath and sufficient to effect decomposition of said water and said salts and oxides of said contaminant elements and to effect deposition of said contaminant elements at the cath ode, and continuing said preliminary electrolysis for a period of time sufficient to insure that substantially all of said water and said contaminant elements are removed from said bath thereby removing said contaminant ele ments from the bath and subsequently electrolyzing the purified bath to obtain the transition metal in substan tially pure form as an electrodeposit.
4. In the electrolytic deposition of titanium metal in a fused salt bath containing a titanium compound and at least one diluent metal salt of the group consisting of alkali metal and alkaline earth metal halides, the im provement which comprises removing water and con taminant elements whose salts and oxides are more elec tropositive than those of titanium from the fused salt bath by subjecting said bath to a preliminary electrolysis at a cell voltage in excess of that required to effect de position of titanium metal at the cathode and sufficient to effect decomposition of said water and said salts and oxides of said contaminant elements and to effect deposi tion of said contaminant elements at the cathode, and continuing said preliminary electrolysis for a period of time sufficient to insure that substantially all of said water and said contaminant elements are removed from said bath thereby removing said contaminant elements from -.
2,782,156 7 the bath and subsequently electrolyzing the purified bath to obtain the titanium in substantially pure form as an electrodeposit.
5. In the electrolytic deposition of a transition metal of the group consisting of titanium, zirconium, hafnium, thorium, vanadium, niobium and tantalum in a fused salt bath, the improvement which comprises removing water and contaminant elements whose salts and oxides are more electropositive than those of said transition metal from the fused salt bath by subjecting said bath to a preliminary electrolysis at a cell voltage in excess of that required to effect deposition of the transition metal at the cathode and sufficient to effect decomposition of said water. and said salts and oxides of said contaminant elements and deposition of said contaminant elements at the cathode, continuing said preliminary electrolysis for a period of time sufficient to insure susbtantially com plete removal of all of said water and said contaminant elements from said bath for at least a time sufficient to 10 15 provide between about 2% and about 5% of the total 20 -8 -ampere hours required for substantially complete deposi tion of the transition metal content of the fused salt bath, and thereby removing said impurity-containing cathode 'deposit from the fused bath and subsequently electrolyz ing the purified bath to obtain the transition metal in Substantially pure form.
